Introduction In developed countries, the majority of vesicovaginal fistulas develop after gynaecologic surgery, with abdominal hysterectomy accounting for 90% of cases. Several techniques are available for repairing the fistulas. Abdominal approaches give good results even for difficult posterior located fistulas, but are associated with increased morbidity compared with the transvaginal approach. We performed a laparoscopic repair to minimize the surgical morbidity of the transabdominal approach. Methods A 44-year-old female presented with vesicovaginal fistula after abdominal hysterectomy. After a failed trial of conservative treatment with catheter drainage, a transperitoneal laparoscopic repair was performed. Cystoscopy was performed intially to confirm the fistula location and for bilateral ureteric catheterization.
Introduction
A vesicovaginal fistula (VVF) is a debilitating and stressful condition for women. In developed countries, abdominal hysterectomy remains the most common cause, accounting for 90% of cases [1, 2] . Surgical repair remains the primary method of treatment after a failed attempt with conser-vative measures. However, the timing and surgical approach remains controversial and is often dependent on their aetiology, location and surgeon's specialty.
The abdominal approach has been recommended for 1, high retracted fistulas in a narrow vagina; 2, fistulas which are proximal to the ureters; 3, cases with associated pelvic pathology and 4, multiple fistulas [1, 2] . In addition, the abdominal approach has had good results with durable success (85-100%) [3] . However, the conventional O'Conner procedure with an open midline laparotomy and anterior cystostomy is associated with greater morbidity when compared with vaginal approaches. To reduce the surgical morbidity of a transabdominal approach, we performed a laparoscopic repair of vesicovaginal fistula with a modified technique using an interpositional omental flap.
Case history
A 44-year-old female presented with urinary incontinence after undergoing a total abdominal hysterectomy and bilateral salphingo-oopherectomy for an infected right ovarian endometriotic cyst and a left tubo-ovarian abscess as well as uterine leiomyoma. There were no reported intraoperative or immediate postoperative complications at the initial surgery and the operation duration was 145 min. However, a month later, she complained of recurrent urinary leakage via the vagina. Clinical examination confirmed a vesicovaginal fistula with a positive methylene blue dye test. A flexible cystoscopy revealed a fistula opening on the right part of the urinary bladder at the junction of the base and posterior wall just above to the ureteric bar (Fig. 1) . A vaginoscopy showed an opening with a surgical stitch in situ on the right side of scarred vaginal vault (Fig. 1 ). An intravenous pyelogram confirmed normal upper urinary tracts with no ureterovaginal fistula. The patient was initially treated conservatively with urinary catheter drainage. However, despite catheterization, she remained troubled by persistent leakage of urine via the vagina. A micturating cystourethrogram was performed after a total of 3 months of catheterization (Fig. 2) . This confirmed the persistence of a small vesicovaginal fistula arising from the posterior base of the bladder.
As prolonged expectant management was unacceptable to the patient, different surgical options were discussed with the patient. She was informed of our surgical experience with the transabdominal approach compared with the transvaginal route of repair. In view of the location, size and condition of the fistula, a laparoscopic approach was offered. After being informed of our experience in laparoscopy and that this was initial attempt to use laparoscopy for the repair of vesicovaginal fistula, the patient elected for it. 
Technique
Under general anaesthesia, the patient was placed in the lithotomy position initially. The patient received preoperative antibiotics. A rigid cystoscopy was first performed. A digital rectovaginal examination was also carried out and diluted methylene blue dye was instilled into the vagina to confirm the location of the intra-vesical opening of the persistent fistula via the cystoscope. This was unchanged compared with the initial assessment; the fistula was at the supratrigonal area above the inter-ureteric ridge on the right side of the posterior bladder wall. The fistula tract was not cannulated. Both ureters were catheterized.
The patient was then placed in Trendelenburg position. A 15-mm Hg carbon dioxide pneumoperitoneum was established with a 10-mm laparoscopic cannula (primary camera port) placed just inferior to the umbilicus using an open technique. Three further ports of 5 mm were placed under direct vision in a gentle arc formation over the lower abdomen (Fig. 3) . A 30°-viewing 10-mm laparoscope was then inserted through the primary camera port. After a thorough inspection of the abdomen and pelvis, adhesions around the bladder and cul-de-sac were first taken down. Under direct vision, the vesicovaginal space was precisely developed laparoscopically using endoscopic scissors until the bladder was completely freed posteriorly from the vaginal wall to beyond the fistula location, which was noted at the initial cystoscopy and digital vaginal examination (Fig. 4) . This process was facilitated by the placement of a sponge stick within the vagina to elevate its apex to guide the separation of the fused vesico-vaginal tissue layers around the fistula. In addition, traction on the urethral catheter balloon also facilitated the sharp dissection of the plane between bladder and vagina. The 3-mm vesicovaginal fistula tract was identified using synchronous laparoscopic and cystoscopic visualization intraoperatively. A circumferential plane was developed around the fistula to facilitate closure without tension and the vesicovaginal space was extended laterally to allow for optimal fluid drainage. The fistula tract was not excised in view of its size and its surrounding healthy tissues. One layer of VicrylÒ 3/0 sutures was then placed in the bladder in a continuous fashion to oversew the bladder opening (Fig. 5) . The omentum was mobilized and interposed between the bladder and anterior vaginal wall. Subsequently, the opening of the tract on the vagina side was closed with 4 interrupted sutures of VicrylÒ 3/0 (Fig. 6 ). These sutures were also used to anchor the omental flap to the anterior vaginal wall. The bladder was subsequently filled in a retrograde fashion with 150 ml of normal saline and no leak was seen laparoscopically. The bladder was drained postoperatively with an 18F urethral catheter. No drains were used. Total operative time was 260 min and subsequent postoperative recovery was uneventful. Blood loss was estimated to be less than 100 ml. The immediate post-operative pain score was 3 on a pain analogue scale of 0-10. This decreased to 1 on day 1, using oral analgesia including paracetamol and codeine phosphate. Ambulation and normal diet was started on day 1. The patient was discharged with an indwelling catheter on the first post-operative day. A check micturating cystourethrogram was performed 3 weeks post repair (Fig. 7) . There was no leakage and the patient was able to void successfully without catheter. She had no recurrence of the fistula at the last follow-up of 6 months.
Discussion
With the introduction of minimally invasive surgical techniques, the management of vesicovaginal fistula is evolving. Failing conservative [1] [2] [3] . Although the abdominal approach offers excellent results even for fistulas in difficult location, there is significantly greater morbidity in comparison. Laparoscopic repair of vesicovaginal fistula repair was first reported by Nezhat et al. [4] and since then, several other cases have been published [5] [6] . These reports have demonstrated the advantages of decreased postoperative pain and hospital stay with potentially the same success rate compared with an open abdominal approach. We performed our initial laparoscopic repair with modifications to the above case reports to limit the surgical morbidity in a small but persistent and symptomatic vesicovaginal fistula. The laparoscopic approach in the above case provided specific technical advantages. First, we believe that the laparoscopic approach can eliminate the need for bladder dome incision for selected fistula exposure. This is the main difference of the above method compared with previous case reports [4] [5] [6] . This is due to the magnification afforded by laparoscopy, which facilitates the sharp and accurate dissection of the vesicovaginal plane to widely separate the bladder and vaginal wall in order to gain access to the fistula. In addition, the induced pneumoperitoneum also enhances excess into the pelvic cavity. The use of simultaneous video cystoscopic and vaginoscopic guidance before and during laparoscopic dissection can further enhance the localisation and definition of the fistula boundaries [7] . In addition, the use of a swab stick within the vagina for retraction is important as it provides the tension for defining and exposure of the fused vesico-vaginal tissue layers. Lastly, transperitoneal laparoscopy provided an easy and minimally invasive way of harvesting either an interpositional omental or peritoneal flap to increase the success of the repair. Although the fistula in the above case was small, similar experiences have been reported in other case series with larger fistulas [4] [5] [6] .
Laparosopic suturing plays an important part of the repair. However, it is technically challenging and has reported to be the reason for the limited popularity of laparoscopic repairs [8] . As in open procedure, tension free closure of healthy tissue edges is crucial. In the above case, efficient laparoscopic closure of the bladder and vagina walls were facilitated by the absence of the need for fistula excision and by the wide exposure of the vesicovaginal space. Therefore, the selection of short, mature and uncomplicated fistulas for laparoscopic repair may be important. With advances in technology, the Da Vinci robotic system has recently been employed to perform the closure of more complex vesicovaginal fistulas [8] .
Surgeons using the vaginal approach for vesicovaginal fistula repair have reported advantages in terms of lower patient morbidity and blood loss with the advantage of that the procedure can be carried out in the day surgery setting and has shown equivalent results to the open abdominal Fig. 7 Cystogram showing resolution of vesicovaginal fistula 3 weeks after surgery approach [2] . In comparison to the laparoscopic approach, it would be a simpler procedure with shorter learning curves and operative times. The vaginal approaches can generally be completed within 60 min, compared to the average time of surgery of between 70 min and 190 min currently reported for the laparoscopic cases [6] . Our own operative time was 260 min, but these timings probably reflect the initial learning curve of this new approach which will undoubtedly be shortened with refinements in the technique. Hence, for surgeons familiar and competent in both approaches, the potential indication of laparoscopic approach is that it provides a low morbidity alternative in cases which preclude the vaginal approach such as high lying fistulas, inaccessible vaginal vaults or when a concurrent intraabdominal condition requires simultaneous surgery.
Conclusion
Laparoscopic repair of vesicovaginal fistula is a feasible procedure. By decreasing the surgical morbidity of the open abdominal approach, it is a useful adjunct to transvaginal repair of vesicovaginal fistulas. However, the technique requires further study to assess patient suitability criteria and further development to overcome the technical difficulties so that it is as acceptable as the vaginal approach.
